Abstract Children with an autism spectrum disorder have significant impairment in social skills. This area of development has also been the focus of many intervention studies. In this article we review intervention studies published over the past two years. Three topical areas were addressed in current interventions: social skills knowledge, peer relationships, and joint attention/joint engagement. Younger children most often received interventions on joint attention/joint engagement and older, higher functioning children received interventions on social knowledge and peer relationship development. Both single subject research designs and group designs were reviewed. One advancement was that more randomized controlled trials were reported, as well as effectiveness trials in the community. Study quality was also rated. More group than single subject designs were rated as adequate or strong in quality. Overall, moderate to large effects were found for interventions targeting joint attention/joint engagement and peer relationships with mixed effects on interventions targeting social skills knowledge. Future studies should focus on isolating the active ingredients of interventions and include broader participant representation.
Introduction
Social impairment may be the most complex and impenetrable core challenge facing children with autism [1, 2] . While many behavioral and comprehensive interventions have shown promise in addressing a range of developmental difficulties of children with autism including cognitive ability and functional behavior, these interventions have had the least effect on improving social behavior. The National Institute of Mental Health [3] and Interagency Autism Coordinating Committee [4] have identified the development of interventions to address social impairment in individuals with autism as a high priority.
Intervening to improve social impairment in autism can be perplexing. While it is common to target social behaviors that are absent/limited (e.g., initiations) or social behaviors that occur so frequently they become inappropriate (e.g., excessive question asking), interventions may also be required to target the quality of social behaviors. That is, a child may initiate social interactions with others frequently, but the quality of the initiation is so poor that the initiation is ignored or avoided. Also puzzling is the pattern of strengths and weaknesses in social skills, prompting Frith and Happe [5] to describe this pattern as 'fine cuts along a hidden seam'. Children can be quite good, for example, at requesting help via gestures, but quite poor at commenting or sharing interest using gesture. Both types of gestures develop at the same time in typically developing children, but sharing gestures require more consideration of others than mere requesting skills [6] . Thus, children with autism present with qualitatively complex strengths and weaknesses, requiring interventions that are targeted, individualized, and that include flexible targets that change over time.
Social Impairment in Autism: What is the Problem?
The difficulties common for young children with ASD center on two key problems: a) their ability to engage jointly with others (joint attention/joint engagement), and b) the amount and quality of their interactive skills with peers. Young children with autism are identified by their apparent lack of awareness of others, evidenced by little coordination of attention between an object or event and another person (joint attention). For example, they may be so focused on playing with a toy that it is difficult for another person to join in and share the play (lacking joint engagement). When young children do engage with others it is often to request help obtaining a favorite item. In community contexts such as the classroom or playground, the child with autism may be unaware of other children, instead playing in the sand alone, or running across the park. If the child is interested in other children, s/he may not have the skill set to begin or maintain an interaction.
Older children with autism, particularly those who are high functioning and in school continue to have significant social challenges, including a limited number of social encounters with others. Challenges in developing better social relationships have been linked to problems in recognizing subtle social cues and emotional states in others, and an inability to take the other's perspective, leading to egocentric responses in social situations. Children often report few friendships, and in adolescence endorse feelings of loneliness at school [7] . By their own account, developing friendships is often cited as the most important goal for children, adolescents and adults with ASD [8] . For the older child with ASD, major social difficulties center on a) skill development involving perception, knowledge and understanding of others, and b) development of peer relationships, including friendships.
Many interventions have been developed and tested over the past 20 years to address these impairments in younger and older children. Four reviews of these interventions published prior to 2010 [9] [10] [11] [12] noted that most social skills interventions were tested in clinics with groups of children unfamiliar with each other. The social skills curricula in these programs had common elements (e.g., greetings, making eye-contact, initiating conversations) but there was not a uniformly accepted set of curricular skills, nor were there data suggesting that skills learned in these groups were transferred to natural contexts for children, such as school [10, 11] . A concern has been that the skills addressed in these programs may not be the actual skills needed in everyday interactions at school [9] . In other words, polite manners (e.g., shaking hands, making eyecontact) may be useful when introduced to an adult but may be less typical when trying to enter a game or conversation on the playground. According to one review, two specific social skills interventions have sufficient evidence to be considered evidence based practices, social skills groups and video modeling [12] . Based on the state of the science, Reichow and Volkmar [12] suggested that future research needs to include parent-mediated social skills interventions for adolescents and adults, interventions for more cognitively impaired individuals, and interventions involving siblings. In the current review of social skills studies between 2010 and 2012, we note that interventions involving parents and siblings and including participants who are more cognitively impaired were published suggesting that the field of social skills intervention is rapidly expanding.
Methods

Search Strategy
Eight electronic databases covering education, medicine and psychology were searched in July 2012. The search was restricted to materials published in peer -reviewed journals between January 2010 and July 2012. Keyword search terms spanned three areas including those related to autism (autis* or pervasive develop* or Asperger*), social skills (social skill* or social interaction* or joint attention or social communication or social behavior*) and intervention (intervention or social skills training or parent* or peer* or teacher or para*).
Inclusion and exclusion criteria A set of inclusion and exclusion criteria was applied to the manuscripts obtained from the search. Included studies:
1) Used a quantitative experimental design including group or single subject research designs (SSRDs). Studies using pre-experimental designs (e.g., one group pre/ post, case studies) were excluded. 2) Included participants of any age diagnosed with an autism spectrum disorder including autistic disorder/autism, pervasive developmental disorder or Asperger's syndrome. Studies including a mix of participants with autism and participants with other diagnoses were excluded. 3) Examined an intervention for which a social skill was the primary outcome. 4) For studies using SSRD, graphical data for primary outcomes were presented such that Improvement Rate Difference (IRD) [13] could be calculated. 5) Published in the English language. 6) Published in a peer-reviewed journal between 2010 and 2012.
Rating Methodological Quality
The methodological quality of the studies was rated using a protocol developed by Reichow, Volkmar, and Cicchetti [14] . Separate protocols were used for studies using single subject research designs (SSRD) and those using group designs. The SSRD scale consists of six primary indicators, including participant, intervention and outcome description, baseline stability, visual analysis and experimental control. Primary indicators could receive a rating of 'high', 'adequate' or 'unacceptable'. Six secondary indicators related to inter-observer agreement, interventionist fidelity, blinding of observers, generalization/maintenance and social validity were also rated as present or absent. Improvement Rate Difference (IRD) [13] was calculated for studies using SSRDs to determine the size of the effect. IRD has a long history of use in the medical literature, where it is termed "risk difference" [13] . Group designs were rated using a similar protocol which included items specific to group trials with a total of six primary indicators including description of comparison conditions and statistical data analysis and a total of eight secondary indicators including randomization and reporting of effect size. Two independent raters assessed the studies. Twenty-five percent of the studies were double coded. Interclass correlations indicate high reliability (α0.84).
Results
The systematic search of the literature produced 2498 citations. Titles and abstracts of the articles were examined. After removal of irrelevant articles, reviews, duplicates and grey literature, a total of 34 articles were included in the review. Seventeen articles used SSRD [15] [16] [17] [18] 19 
Methodological Quality
Single subject research designs. Studies using SSRDs were primarily of 'weak' overall quality as assessed using the Reichow et al. [14] rating scale. Only three studies were rated 'adequate' [19•, 21•, 23•] while no studies were rated as 'strong'. Scores for each study are listed in Table 1 . This overall rating is derived from the combination of 'high', 'acceptable' and 'weak' ratings received across the six primary quality indicators. Studies rated as 'weak' overall either: 1) scored 'high' on fewer than four primary indicators, 2) obtained no secondary indicators or 3) scored 'unacceptable' on one or more primary indicators. Studies most frequently received a rating of 'weak' by obtaining an "unacceptable" rating for one primary quality indicator often including participant description, visual analysis and experimental control indicators.
Overall, this group of studies provided replicable descriptions of the dependent variables (17 studies), implemented manualized interventions (13) , reported high inter-rater agreement (10) and examined either generalization or maintenance of treatment effects (10) . Yet, these studies generally failed to thoroughly describe both participants and interventionists, include blinded raters, measure interventionist fidelity or demonstrate experimental control for each dependent variable of interest.
Group designs Studies using group designs were of mixed quality. Scores for each study are in Table 1 Altogether this group of studies demonstrated a strong link between research questions and data analysis (17 studies), implemented manualized interventions (12), provided replicable definitions of dependent variables (14) , demonstrated less than 30 % attrition balanced across groups (17) and implemented random assignment (14) . However, the studies often failed to include adequately powered statistical analysis, describe comparison conditions with replicable precision, include blind raters, report effect sizes of at least .40 across 75 % or more of the outcomes and record interventionist fidelity.
Discussion of Study Outcomes
Based on the studies reviewed, several intervention targets were addressed in the social skills interventions. These included: 1) knowledge and conceptual understandings, 2) peer relationships/friendships, and 3) joint attention/joint engagement.
Interventions to Improve Knowledge and Conceptual Understandings Many of the interventions were aimed at improving: 1) knowledge of discrete skills such as emotion recognition or appropriate social behaviors, or 2) concepts such as theory of mind. These interventions are based on the theory that increasing knowledge of social behavior will translate into better social interactions in authentic real life situations. These types of interventions generally are carried out in groups and led by an instructor in a clinical setting with direct teaching of social skills. A number of studies also augmented these group interventions with video modeling and feedback [17, 18, 19•, 24, 27, 29, 30] .
Studies in this review yielded similar results to previously published studies on knowledge, perceptions, and Inappropriate interactions-teacher (no effect); peers (no effect)
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peers (no effect) [32] . These results did not appear to generalize to other settings. In this study, similar outcomes were not observed on parent reported social behavior [32] . Similarly, Castorina and Negri [33•] found that children did better on a test of social skills after intervention (regardless of the treatment conditions: with or without siblings) but parents did not report social behavior changes. These targeted treatments typically had little effect on parents', teachers' or children's report of their own social behaviors. Social skills in natural settings as an intervention outcome rarely were observed. One exception was an RCT [38] in which video instruction of emotion recognition increased social skills observed by trained research assistants during recess or free time at school for higher functioning children (but not lower functioning children).
Summary Overall, interventions aimed at increasing social knowledge demonstrate increased knowledge, but the effects do not appear to transfer to real life settings. Future studies may want to merge didactic knowledge modules with practice modules in authentic community settings to support the generalization of conceptual skills to natural interactions.
Interventions Addressing Peer Relationships Traditionally, children with ASD have been prompted to initiate and respond to peers, and studies in this review continued this tradition [15, 16] . For example, for one study the outcomes of interest were prompted initiations, responses and sharing between peers [16] . Maintenance and generalization data were not collected but one might not expect skills to maintain in the absence of an adult to prompt behaviors, and one might question an outcome that is prompted and not spontaneous. In several other studies, researchers focused on the context for teaching children to initiate and respond to peers. Three studies used play dates and club activities to teach children with ASD to initiate and respond to peers, and to develop friendships [21•, 22, 23•] . Two of these three studies [21•, 23 •] recorded spontaneous interactions [21•] or initiations [23•] rather than prompted initiations. Differentiation of spontaneous versus prompted social initiations is a conceptual improvement that provides evidence toward children's ability to generate social behaviors on their own initiative rather than responding to prompting by an adult. While these studies suggest some success of this teaching approach on child outcomes, an important advancement during this review period was the number of RCTs incorporating the same elements as in the SSRDs (teaching of peer initiations/responses using the context of play dates). Three RCTs using a wait-list design based on the same model of parent-mediated social skills intervention [50] demonstrated positive outcomes for children and adolescents [36•, 37, 44•] . Studies delivered weekly group based social skills intervention for 14 weeks focusing on social information "critical social situations" including establishing social networks with peers, entering and negotiating social interactions, and engaging in peer play and social "get togethers" in community settings [35•] . In all three studies parents reported more "get togethers" with friends and better social skills post intervention. In two of the studies, participants also reported less loneliness [36•, 37] . A limitation of these findings, however, is that the main outcomes were based on parent report and parents were involved in the intervention; thus as informants they are not unbiased. While parents reported more hosted gettogethers, only one study reported increased numbers of get togethers in which the child was a guest [37] . Generalization to natural settings was not reported; however, Frankel et al. [36•] reported that in a subsample of children, those who engaged in more hosted play dates were also more engaged on school playgrounds. This finding suggests that increasing experiences with peers through facilitated play dates may have benefits in the school context.
Another RCT was conducted in the school setting representing a departure from the other studies during this review, which were carried out in clinic settings [41••] . This study randomized children with ASD who were high functioning and in general education classrooms to combinations of two different interventions designed to improve peer interactions. One intervention focused on teaching social skills to the child with ASD directly. This intervention addressed the top three challenges the child demonstrated on the playground at school. The other intervention focused on teaching three typical peers in the child with ASD's classroom on how to engage any child having a social challenge on the playground. Sixty children with ASD were randomized to receive one of the interventions, to receive both of the interventions, or to receive neither of the interventions. The intervention was 12 sessions, carried out at school, with the primary outcome measure based on the number of peer connections from a peer social network measure. Results indicated that children with ASD who received an intervention involving classroom peers received more friend nominations, were more connected to social groups at school, and were less isolated on the playground. Their teachers also reported improved classroom social skills. Thus, this intervention has potential for improving social engagement at school; however, the intervention was implemented by researchers on the school campus and not transferred to school staff. Sustainability is less likely without transfer of the implementation of an intervention to the school personnel, and these types of community trials should be the focus of future research.
Summary Previously identified gaps [12] were addressed by studies of adequate quality included in this review. Tests of parent-mediated interventions for adolescents resulted in increases in social skills knowledge and interactions between teens [44•] , siblings were included (although no significant effects were attributed to their presence) [33•, 34] and some studies included cognitively delayed individuals [38] . Greater numbers of RCTs were reported during this review period, some with reasonably large sample sizes (>50), and rigorous designs (RCTs) and one was also implemented in an authentic community setting.
Interventions Addressing Joint Attention/Joint Engagement in Young Children A number of interventions directly addressed core social deficits in young children, namely the development of joint attention/joint engagement between the child and an adult (parent or teacher). Joint attention skills refer to gestures used to share an experience with another person, including coordinated looking as well as showing, pointing and giving objects to share. Joint engagement refers to the amount of time dyads are engaged together in shared activities. Both joint attention skills and joint engagement are impaired in young children with ASD. Two advancements are noted for this review. First, most studies focusing on joint attention/joint engagement used RCTs in which an experimental intervention was compared to practice as usual. Only one SSRD study was reported, a change from previous reviews in which most studies examining joint attention used SSRDs. Another advancement is that the majority of studies included effectiveness trials focused on teacher delivery of intervention in natural settings, a dramatic departure from earlier clinic-based studies.
Preschoolers Three effectiveness studies [20, 39••, 46] tested adaptations of a joint attention and play intervention that had previously shown clinic-based efficacy [51, 52] . Dykstra et al. [20] implemented a SSRD while both Kaale et al. [39••] and Lawton and Kasari [46] carried out RCTs in which teachers in specialized and non-specialized preschool settings implemented the intervention. All three studies demonstrated effects on social behavior with some variation that should inform future studies. For example, Dykstra et al. [20] compared group instruction versus group plus 1:1 instruction for three participants using a multiple baseline design. While children appeared to benefit from the combined group and 1:1 interventions, this study is limited in two notable ways. First, joint attention skills were combined with social interaction and requesting skills, and functional and symbolic play acts were combined in the data analysis. Given that children with ASD have specific impairments in joint attention skills (more so than requesting skills) this study does not provide specific information on which skills improved. The same is true for functional and symbolic play skills. The combination of these two types of play skills into one play category does not inform whether the difficult-tochange domain of symbolic play skills actually changed or if the results were driven by functional play acts. Second, the conclusions one can make based on the small sample are limited. Although children appeared to benefit from group plus 1:1 instruction, the question remains whether receiving 1:1 instruction prior to group may have led to different conclusions. In this study group instruction was delivered first and then paired with 1:1. Due to the lack of variation in the order of treatment, it is not clear whether the reverse (1:1 followed by group intervention) would have equal or potentially greater effects.
The two RCTs examining a similar intervention model provide greater information on skills that could be changed in a brief and targeted teacher-mediated intervention. Both studies implemented a developmentally informed behavioral intervention that specifically focused on the teaching of joint attention and play skills to preschool aged children with ASD in the classroom. One study received a rating of strong quality [39••] , and the other weak (primarily due to lack of participant description; Lawton and Kasari [46] ) although both yielded significant findings. Kaale et al. [39• •] yielded significant effects on children's initiations of joint attention in the classroom, and joint engagement with parents suggesting generalization from classroom instruction to parents who were not involved in the intervention. Similarly, Lawton and Kasari [46] also found significant effects for children's initiations of joint attention in the classroom. Given that spontaneous initiations are particularly difficult to teach, both of these studies are highly significant given they were mediated in real world settings by community staff. These studies are a significant advancement from clinic based trials, single subject designs, and interventions that focused more on requesting skills than joint attention initiations.
Toddlers Two additional studies tested intervention effects on toddlers. One intervention was mediated through interventionists and the other through parents, both in university, clinic settings. While the interventionist-delivered treatment did not show effects on joint attention skills, it did result in differences in toddler's imitation skills [43] . Similarly the parent-mediated intervention did not result in changes in child joint attention initiations but did show effects on joint attention responses and improved joint engagement [40••] . Children decreased their focus on objects only and increased their joint engagement with their parent and objects. Increasing engagement between parent and child may be especially important to the development of social and communication skills. Given the better outcomes on joint attention initiations for preschool aged children, these studies on toddlers highlight potentially critical developmental differences in intervention effects. It may be that younger children are not quite ready for developing joint attention initiations or may require greater density of intervention, or different sequencing of interventions. The results also suggest that treatment delivery may be an important consideration with parent-mediated interventions reporting more changes on core deficits than group delivery by trained interventionists.
Summary Altogether, interventions addressing joint attention/ joint engagement appear to facilitate significant improvements in skills that are core developmental challenges for children with ASD. Future studies should further explore pairing different treatment deliveries (e.g., parent and therapist, or group and individual instruction) for maximum benefit. At this juncture, joint attention interventions demonstrate both efficacy and effectiveness, and are primed for further deployment into community settings.
Conclusions
The last two years of intervention research on social skills have produced important advancements. One is the greater focus on core deficits, including joint attention, joint engagement, social initiations and responses, and development of friendships. Other advancements included the increased number of group designs with many employing randomized controlled trials and the expansion of topics, including studies addressing adolescents, parent-mediated approaches, sibling involvement, and interventions conducted in real world settings. While impressive in the range of topics addressed, future research still needs to tackle four specific areas. First, we need study designs that can address the active ingredients of interventions (e.g., dose required to get effect, agent of change, such as parent, peer, teacher or sibling). We need to move beyond testing an intervention against practice as usual, and compare interventions that differ on critical elements.
A second issue is our understanding of meaningful and sustainable outcomes. Outcome measures remain limited. There is an over-reliance on potentially biased informants (i.e., involved in the intervention or unblinded), outcomes that result from teaching to the test or the result of prompting rather than spontaneous initiations. Outcomes need to provide confidence that meaningful change has occurred (improved social relationships, sustained social interactions).
Third, while we used a rating system to identify quality indicators of studies, this system yielded weak ratings for most studies. Several studies received a weak rating due to limited description of participants while otherwise receiving high quality ratings for key study elements considered important to an intervention trial including data analytic procedures, intervention/outcome description, fidelity and treatment integrity. Moreover, although a study received a strong quality rating, participants may not have achieved significant sustainable benefit from the intervention. Thus, having a means to evaluate the quality of intervention research is a significant advancement and future efforts should further consider whether the intervention merits adoption.
Finally, we continue to focus on select samples of children, often high functioning, and middle class who have the resources to participate in a study at a clinic. The vast majority of children with ASD are not represented in research-children with co-morbidities, non-English speaking children, minimally verbal children, and ethnically and culturally diverse samples. Future studies should include underserved and under-represented populations of children with ASD thus broadening our understanding of intervention effectiveness for children with ASD.
